We have studied the magnetotransport properties of a Sb2Se2Te single crystal. Magnetoresistance (MR) is large and reaches to a value of 1100% at B = 31 T without sign of saturation. The mobility estimated from the Drude model is 700 cm 2 V −1 s −1 . Shubnikov de Haas oscillations are observed in applied magnetic fields above B∼15 T. The analyses of quantum oscillation frequencies at different angles of rotation, as well as the presence of multiple frequencies in the frequency spectrum, suggest that Sb2Se2Te possesses a three-dimensional Fermi surface that is rather complex. Magnetoconductance shows a weak antilocalization (WAL) effect. The WAL curves do not scale with the normal components of magnetic fields, which proves that Sb2Se2Te is a topologically trivial system. The large MR in Sb2Se2Te is not due to the presence of a linear Dirac dispersion as observed in many topological systems, and it likely has a classical origin due to the mobility fluctuation and breaking of crystal structure symmetry. The large MR of Sb2Se2Te is suitable for utilization in electronic instruments such as a computer hard disc, high field magnetic sensors, and memory devices.
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I. INTRODUCTION
The recently discovered topological insulators have garnered enormous attention because of their unique surface properties, known as topological surface states or edge states, which arise from the non-trivial topology of the bulk state wave functions in Hilbert space 1,2,3,4,5 . The surface or edge states in topological insulators are important not only for understanding fundamental physics but they also have great technological value for future electronics 6 . To exploit the surface states of these materials in future technology, we must first detect and understand their physical properties. Several experimental techniques have been employed to detect topological surface states and understand their properties. Angleresolved photoemission spectroscopy (ARPES) experiments allow one to observe a Dirac cone due to its surface states and a well defined bulk band structure 1,2,3 . From a technological point of view, transport characteristics of surface states are important. However, the bulk conduction channel interferes with the surface states which makes transport studies of topological surface states challenging 7, 6, 8, 9 . Two transport methods, quantum oscillations and weak antilocalization (WAL), have been widely used for studying topological surface states 10, 11, 12, 13 . In the presence of magnetic fields, the electrical resistivity shows quantum oscillations, known as Shubnikov-de Haas (SdH) oscillations, due to the quantization of carrier states into Landau levels 14, 15, 16 . The angle dependence of the frequency of SdH oscillations helps to map the cross section of the Fermi surface and its possible origin to either surface or bulk states. Topological materials possess the strong spin-orbit interactions that are often reflected as a cusp or dip in magnetoconductivity at low magnetic fields, known as a weak antilocalization 13, 17, 18 . As a quantum correction to the classical conductivity, a WAL effect could be due to spin-orbit interactions in the surface or bulk states. The scaling of WAL curves with the normal field components provides evidence of the dominance of surface states in magnetoconductivity. Recently, a large non-saturating magnetoresistance (MR) and high mobility have been seen in many topological systems 19, 20 , and the observation of these properties has been taken as a signature of the existence of a linear dispersion relation of the surface states. Regarding the different transport properties in topological insulators, such as large MR, SdH oscillations, WAL, etc., very little is known about how these properties are reflected in a topologically trivial system. Even for the sake of comparison with a non-trivial system, it is important to understand the magnetotransport properties of a trivial system. Here, we have carried out high field magnetotransport studies on a topologically trivial Sb 2 Se 2 Te single crystal. 
II. EXPERIMENTAL
High quality single crystals of Sb 2 Se 2 Te were grown by the modified Bridgman method. The synthesis was done by using stoichiometric quantities of the starting materials Sb, Se, and Te, each with purity of 99.9999%, mixed in quartz ampoules with diameters of 20 mm and vacuum pumped to 10 −6 torr. These ampoules were positioned in a Bridgman crystal growth furnace. In the furnace, the ampoules were heated to 700 o C and homogenized for 48 hours. The crystal growth process was performed with temperature decreasing at 0.3 o C per hour in the range of 700 − 570 o C. The ampoules were further cooled from 570 o C to room temperature at 10 o C per hour. Resistivity and Hall measurements were carried out using the ac-transport option of a physical property measurement system (PPMS, Quantum Design). Magnetoresistance measurements were performed at the National High Magnetic Field Laboratory (NHMFL), with fields up to 31 T. Six gold contacts were sputtered on a freshly cleaved crystal face for standard resistivity and Hall measurements. Platinum wires were attached using silver paint. The sample was then mounted on the rotating platform of a standard probe designed at NHMFL. Alternating current of 1 mA was passed through the sample using a Keithley (6221) source meter. The longitudinal and Hall resistances were measured using a lock-in amplifier (SR 830). The sample can be positioned at different angles with respect to the applied magnetic field. The measuring probe is then inserted into a 3 He Janis cryostat that is mounted on the top of a resistive magnet (31 T). The position of the sample with respect to the applied field was calibrated using a Hall sensor. 
III. RESISTIVITY AND HALL MEASUREMENTS
Figure [1] shows the longitudinal resistivity as a function of temperature for a Sb 2 Se 2 Te single crystal. The sample exhibits a metallic behavior below room temperature. The residual resistivity ratio RRR=ρ xx (300 K)/ρ xx (20 K) = 20 shows the high crystallinity of the single crystal. This value of RRR is nearly 3 times as large as the previous measurement 25 , RRR = ρ xx (300 K)/ρ xx (2 K) = 7. Hall measurements were carried out to determine the nature of the bulk charge carriers and their concentration. Non-linear field dependence of R xy near B = 0 suggests the existence of a multiband effect (electron and hole bands). However, the overall positive slope of the Hall resistance (see inset, Fig. 1) shows the dominance of the hole-like bulk charge carriers. Additionally, the bulk carrier concentration is estimated to be 3×10
19 cm −3 at 0.4 K. This carrier concentration is almost 2 orders smaller in magnitude than that previously reported 25 . It is important to note that, unlike in the current study, the Hall data in the previous report does not show a non-linearly at B = 0, field suggesting the presence of only one kind of charge carrier in the previously studied sample. A small number of carriers in our sample could be due to a partial compensation of electron and hole-like charge carriers in our Sb 2 Se 2 Te single crystal.
IV. MAGNETORESISTANCE
The magnetoresistance of Sb 2 Se 2 Te is measured under high magnetic field up to 31 T at NHMFL. Figure [ ×100%, measured at different temperature with θ = 0 o . Here, θ is defined as the angle between the magnetic field direction and normal to the sample surface. MR is positive and increases linearly with applied field B, and it reaches to 312% at 9 T. At given field B = 9 T and T = 10 K, this MR value is significantly higher than the previous report 25 of MR = 120%. MR remains unchanged with increasing temperature up to 10 K, and then decreases rapidly with a further increase in temperature. MR increases linearly with B and reaches ≈1100% at T = 0.4 K and B = 31 T. At T = 50 K, MR reaches 560%, which is almost 1 2 of the value at T = 0.4 K. A system with large MR usually also possesses high mobility, as observed in many topological and Dirac systems 26, 27 . We have used the simple Drude model [µ(T )=R H (T )/ρ xx (T ), where R H (T ) is the Hall coefficient at temperature T] to estimate the effective mobility. From our calculations, we found µ≈700 cm −2 V −1 s −1 . Furthermore, MR shows a sharp cusp-like feature at low temperature [see the MR curve at T = 0.4 K in Fig. 2(a) ], indicating the existence of the WAL effect 13, 17 in Sb 2 Se 2 Te (to be discussed below). It is important to note that MR shows Shubnikov de Haas (SdH) oscillations in the fields above 15 T as a result of the cyclotron motion of the charge carriers in a perpendicular magnetic field. The oscillations are clear at low temperatures and diminished at higher temperatures above T = 15 K. In order to better understand the shape, size, and dimensionality of the Fermi surface in Sb 2 Se 2 Te, we have studied the angle dependence of the quantum oscillations. Figure [2(b) ] shows the MR curves measured at different angles of rotation, θ. It is important to note that (1) SdH oscillations are present in all angles from θ = 0 to 90 o and (2) the oscillations are complex with a mixture of multiple frequencies, as reflected in the Fourier transform (to be discussed below). This scenario is completely different than what we observed in our previous study o , but it returns to lower value at higher fields. We have subtracted a smooth polynomial background from the quantum oscillations and performed the fast Fourier transform to determine the frequency of oscillations. F , where h is Planck's constant and K F is the Fermi wave vector. Thus, the presence of a large number of frequencies implies many Fermi wave vectors. With increasing θ, the f * value slightly changes but it is present at all measured angles up to θ = 90 o , as pointed by black arrows. At higher θ values, the number of frequencies changes but there always exists more than one frequency. The presence of multiple Fermi wave vectors suggests that the Fermi surface in Sb 2 Se 2 Te is not only 3D but also complex. The details of the Fermi surface and its properties are not the focus of the present study and will be reported elsewhere.
V. WEAK ANTILOCALIZATION EFFECT
The weak antilocalization effect is a characteristic property of a system having strong spin-orbit interactions 28, 29, 30 . As a quantum correction to classical conductivity, a WAL can originate from strong spin-orbit coupling either in the bulk states or in the topological surface states. In order to clarify the origin of the WAL, we have calculated magnetoconductance from the MR curves shown in figure 2(b) in a field range up to 7 T. Figure [3(a) ] shows magnetoconductivity, defined as σ(B, θ) = R xx (0)/R xx (B, θ), measured along different θ at T = 0.4 K. Magnetoconductance depends on the tilt angle θ; however, it does not show a systematic θ dependence like that observed in our previous study 18 . If a WAL originates due to spin-orbit interactions in the topological surface states, magnetoconductance should depend only on the normal components of magnetic field 12, 13 . The WAL curves do not merge together when plotted as a function of the normal components of the applied field, Bcosθ, as shown in figure 3(b) . This confirms that Sb 2 Se 2 Te is a topologically trivial system. This result is consistent with theoretical calculation results 23, 24 . Moreover, due to the complexity of the bulk Fermi surface, the B-scaling also cannot be observed in Sb 2 Se 2 Te [see figure 3(a) ].
It would be interesting to determine about the possible origin of the large linear MR in the Sb 2 Se 2 Te single crystal. There are two theoretical models to explain the origin of large linear MR. One is the quantum model 31 by Abrikosov for materials with a gapless linear dispersion spectra, and the other is the classical model by Parish and Littlewood (PL model) 32 for strongly inhomogeneous systems. According to the quantum model of linear MR, in the presence of strong magnetic fields, only the lowest Landau level is populated and the temperature is not so high that the thermal energy exceeds the Landau level separation. However, the classical PL theory says that the linear MR originates from the mobility fluctuation in disordered materials. From the angle dependence of WAL curves, we have shown that Sb 2 Se 2 Te does not have the Dirac-like dispersion due to the presence of surface states. Thus, it is possible that the large linear MR in Sb 2 Se 2 Te has a classical origin.
According to Kohler's law, the MR ratio can be expressed as (5) . MR is at its maximum, 1100%, at θ=0 o and T = 0.4 K and shows a systematic decrease with increasing T (or θ). At T = 50 K, MR decreases to 600%, almost 
VI. SUMMARY
Here, we have studied magnetoresistance (MR) of a topologically trivial Sb 2 Se 2 Te single crystal in fields up to 31 T. As observed in topologically non-trivial systems, the MR value is large and does not saturate even in fields up to 31 T. Quantum oscillations (SdH) are visible in MR under fields above 15 T and are composed of a mixture of multiple frequencies. In order to understand the shape and dimensionality of the Fermi surface, we have studied SdH oscillations at different angles of rotation. In contrast to two-dimensional Fermi surfaces in non-trivial systems, Sb 2 Se 2 Te consists of a complex, 3D Fermi sur- face with multiple Fermi wave vectors. Magnetoconductance at low temperature shows a weak antilocalization (WAL) effect that does not show a systematic dependence on the angle of rotation. The WAL curves do not scale with the normal field components, confirming the fact that Sb 2 Se 2 Te is a topologically trivial system. The large MR in Sb 2 Se 2 Te does not have the quantum origin due to the presence of a Dirac dispersion as observed in many topological systems. All MR isotherms merge together in Kohler's plot which implies that large MR has a classical origin as a result of mobility fluctuation, crystal structure asymmetry, or both; however, a detailed future study is needed to understand its mechanism. The large MR and high mobility of Sb 2 Se 2 Te make it suitable for implementation in future technology such as sensors and memory devices.
